INTRODUCTION
The isolation of specific DNA targets within genomes is critical for a variety of research. Standard approaches, however, have been cumbersome and time consuming, with most requiring some type of library screening. The high background associated with such screens often requires the addition or repetition of several steps to reduce that background.
Recently, considerable effort has been expended isolating microsatellites and their flanking sequences. Microsatellites are sequences containing a low level of sequence complexity comprised of short tandem repeats of two to five base pairs (bp). They are often the marker of choice for population genetics studies mainly due to their higher mutation rate (1) . Many of the techniques recently developed for microsatellite isolation involve enzymatic fragmentation of the genomic DNA, hybridization of fragments to a biotinylated oligonucleotide containing the repeat of interest, and subsequent capture of the hybridized fragments with streptavidin magnetic beads (1) (2) (3) . The efficiency of these enrichment protocols varies greatly among species. Avian taxa have one of the lowest recovery efficiencies (1) , probably because they contain low levels of microsatellites (4) .
A significant issue remaining with these improved methods is that isolated pools of targeted DNA often include high proportions of DNA fragments lacking the microsatellite targets (background). This background likely stems from the high level of nonspecific binding of streptavidin magnetic beads to DNA. Consequently, many protocols require an additional screening step after enrichment. Linker design may also contribute to the inefficiencies of these methods. To date, these protocols have typically been used for microsatellite isolation.
Methods that allow for the efficient isolation of flanking sequences from specific unique sequences exist (e.g., GenomeWalker from Clontech Laboratories, Mountain View, CA, USA). Unfortunately, these methods fail to address problems associated with the isolation of targets that may be in multiple copies in the genome. Rapid capture of DNA targets isolates 5′ and 3′ flanking sequences concurrently with the target sequence and does so simultaneously for targets occurring multiple times in a genome.
Here we report a method that integrates several aspects of methods previously developed for microsatellite isolation, but that (i) significantly decreases the isolation of untargeted (background) DNA sequences, (ii) extends the method to any DNA target including those much more complex and varied sequences such as dispersed transposable elements, and (iii) improves upon the design of linkers and restriction endonucleases used in the isolation process so that flanking regions suitable for the development of PCR primers are more frequently coisolated with the DNA target.
MATERIALS AND METHODS

DNA Sources
DNA was obtained from a variety of taxa (Table 1) with extraction methods dependent upon tissue type. Only high molecular weight DNA was used, such as that extracted from blood or fresh tissue.
DNA Digestion
Ten micrograms of genomic DNA was fragmented in a 100 μl double restriction endonuclease digestion using 50 U Csp6I (10,000 U/mL, Fermentas, Glen Burnie, MD, USA), 50 U XmaI (10,000 U/mL, New 
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England Biolabs (NEB), Ipswich, MA, USA), 1.0× BSA (NEB), 1.0× NEB buffer 2, and H 2 O to 100 μl. The reaction was incubated overnight at 37°C. Csp6I recognizes and cleaves the four bp sequence G/TAC while XmaI is a six bp cutter recognizing C/CCGGG with both enzymes resulting in a 5′ overhang. After incubation, the digest reaction was heated for 20 min at 65°C to denature the enzymes.
Post-digestion Fragment Preparation
The 5′ overhangs were removed by adding 10 U mung bean nuclease (10,000 U/mL, NEB) directly to the digest reaction followed by a 45 min incubation at 30°C. The reaction containing the blunt-ended fragments was purified using the QIAquick PCR purification kit (Qiagen, Valencia, CA, USA) following the manufacturer's protocol. The DNA was eluted in 50 μl kit EB buffer. To dephosphorylate the fragments, 6 μl NEB buffer 2, 3 μl H 2 O, and 10 U calf intestinal phosphatase (10,000 U/mL, NEB) were added to the 50 μl eluted DNA. The reaction was incubated at 37°C for 2 h. Fragments were purified using the QIAquick PCR purification kit following the manufacturer's protocol, with the final elution in 30 μl kit EB buffer.
Linker Ligation
Sca linkers specifically designed for this method were ligated to the bluntended dephosphorylated fragments. The Sca forward oligonucleotide (5′-CAGTGCTCTAGACGTGCTAGT-3′) and the Sca reverse oligonucleotide (5′-ACTAGCACGTCTAGAGCACTG AAAA-3′) were annealed by heating an equal volume of 10 μM oligonucleotides for 5 min at 94°C followed by a room temperature incubation for 10 min resulting in 5 μM Sca linkers. The annealed product is a double-stranded linker of which one end is blunt while the other has a 3′ overhang (AAAA; Figure 1 ) to decrease the formation of linker dimers during the ligation step that follows. Additionally, the Sca reverse oligonucleotide was phosphorylated at the 5′ base during manufacturing. Each blunt end contains half the recognition sequence for the enzyme ScaI, a blunt 6 bp cutter that cleaves AGT/ACT ( Figure 1 ). The Sca linkers also contain the recognition site for XbaI, TCTAGA ( Figure 1 ). Annealed linkers were ligated to 10 μl (approximately 3.33 μg) of the prepared DNA fragments in a 30 μl reaction containing 2 μM double-stranded Sca linkers, 1.0× NEB buffer 2, 1.0 mM rATP, 10 U ScaI restriction endonuclease (10,000 U/ mL, NEB), and 2000 U T4 DNA ligase (2 × 10 6 U/mL, NEB). The reaction proceeded overnight cycling from 16°C for 30 min to 37°C for 10 min (MJ Research PTC-200 thermal cycler, BioRad Laboratories, Hercules, CA, USA). Since the formation of linker dimers resulted in the restoration of the ScaI recognition site (Figure 1 ), adding ScaI enzyme to the ligation reaction cleaved linker dimers, therefore keeping the linkers available for ligation to the genomic fragments. Because Csp6I cleaves GTAC, which is internal to the ScaI site (AGTACT), the use of Csp6I in the DNA digest step prevented further cleavage of DNA by ScaI.
The robustness of linker ligation reactions can be monitored by PCR using the forward oligonucleotide as the only primer. One microliter of the linker-ligated DNA was used in a 25 μl PCR with 1.0× Thermopol buffer (NEB), 0.8 mM dNTPs, 0.8 μM Sca forward oligonucleotide, 0.3 U Vent exo-or Vent polymerase (2,000 U/mL, NEB), and H 2 O to 25 μl. The reaction profile began with a 5 min 95°C denaturing step followed by 30 cycles of 95°C for 45 s, 58°C for 1 min, and 72°C for 2-3 min. A 10 min extension step concluded the reaction. The PCR product was electrophoresed on a 1% agarose gel and visualized with ethidium bromide.
Hybridization
Enrichment of fragmented and linker-ligated DNA occurred using a biotinylated probe (Sigma-Aldrich, St. Louis, MO, USA) specific to the region of interest (Table 2) . Probes were designed to be homologous to a portion of the target sequence and to have melting temperatures (T m ) of 60°-70°C. Each probe was biotinylated on the 3′ end to prevent polymerase extension from the probe in subsequent PCRs and to allow later capture of target DNA. The prepared genomic fragments flanked by linkers were hybridized to the biotin labeled probe in a 100 μl 6× SSC reaction. Approximately 100 ng DNA (2 μl) and 100 pmol of 50 μM probe (2 μl) were added to 60 μl 10× SSC (1.5 M NaCl, 0.15 M Na 3 C 6 H 5 O 7 × H 2 O) and 36 μl H 2 O. The reaction was heated to 95°C for 10 min and incubated for 1 h at the hybridization temperature specific to the probe, typically 5°-10°C below T m ( Table 2 ). The probe was now bound by hydrogen bonds to those linker-ligated DNA fragments that contained the complementary (target) sequence at the completion of the hybridization step.
Preparation of Streptavidin-coated Magnetic Beads
The high affinity bonding that occurs between streptavidin and biotin make the use of streptavidincoated magnetic beads ideal for the capture of the hybridized DNA/ biotin labeled probe complex. One hundred microliters Streptavidin Note that the Sca linkers were designed so that one end has a 3′ overhang while the other is blunt. Each of the blunt ends contains half the recognition sequence for ScaI (in bold) so that when dimers form, the ScaI site is restored. Additionally, the Sca linkers contain the recognition site for XbaI, shown italicized and underlined, which aid in sticky end cloning if desired.
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MagnaSphereParamagnetic Particles (Promega, Madison, WI, USA) were treated with a blocking step to decrease the nonspecific binding of DNA directly to the beads. The beads were washed three times with 100 μl 6× SSC. Each wash entailed resuspension of the beads in 6× SSC followed by the use of a magnetic stand (Promega) to draw the beads aside allowing for removal and disposal of the wash buffer. The beads were resuspended in 100 μl bead block buffer [2.0% I-Block (Applied Biosystems, Foster City, CA, USA), 0.5% SDS in PBS (0.058 M Na 2 HPO 4 , 0.017 M NaH 2 PO 4 × H 2 O, 0.068 M NaCl)]. The blocking solution and beads were gently mixed for 45-60 min at room temperature on a rocker platform. Three washes with 100 μl 6× SSC followed the bead block and the blocked beads were resuspended in 100 μl 6× SSC.
Recovery of Hybridized DNA
The 100 μl pretreated beads were added directly to the hybridization reaction and incubated at room temperature or at the hybridization temperature for 10 min with occasional mixing by gentle flicking. The beads and bound biotin labeled probe-target complex were captured within 30 to 45 s at room temperature using a magnetic stand, allowing the hybridization solution to be removed and discarded prior to a series of washes. Four room temperature washes included two with 200 μl 2× SSC followed by two with 200 μl 1× SSC. Two high stringency washes at 4°-7°C below hybridization temperature (Table 2 ) with 200 μl each 1× SSC completed this step. Each wash entailed the addition of 200 μl wash buffer and the resuspension of the beads by gently flicking the tube. The magnet separated the beads and associated fragments from the wash buffer, which was aspirated and discarded. Adding 30-50 μl H 2 O and incubating at the specific probe's T m (Table 2) for 5 min denatured the hydrogen bonds formed between the probe and the DNA fragments, releasing the fragments from the probe-bead complex. The magnetic stand was used to quickly separate the beads and bound probe from the suspended target DNA fragments, which were then transferred to a fresh tube.
At this stage, the product contained single-stranded fragments enriched for the target DNA sequences. The known linkers that flank those singlestranded target DNA fragments were used in a PCR both to produce the complementary strand and to generate ample double-stranded product for cloning. The 50 μl PCR included 1.0× Thermopol buffer (NEB), 0.8 mM dNTPs, 0.8 μM Sca forward oligonucleotide, 10 μl eluted DNA, 0.6 U Vent exo-or Vent polymerase (2,000 U/mL, NEB), and H 2 O to 50 μl. The reaction profile began with a 5 min 95°C denaturing step followed by 30 cycles of 95°C for 45 s, 58°C for 1 min, and 72°C for 2-3 min. A 10 min extension d Represents combined results of several hybridizations using both linker-ligated DNA directly and hybridizations performed using the product from postlinker ligation PCR.
e The first percentage is from hybridizations using the linker-ligated DNA directly while the second percentage is from hybridizations performed using the product from post-linker ligation PCR.
f Hybridizations were performed using the product from post-linker ligation PCR.
g PCR product from an initial hybridization was directly used in a second identical hybridization.
h Hybridization with four probes simultaneously: AAC, GCA, CAT, and GATA.
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step concluded the reaction. The PCR product was electrophoresed on a 1% agarose gel containing 0.1% gel-star (Cambrex, East Rutherford, NJ, USA) and quantified by eye by comparing its intensity to that of a known quantity of 100 bp marker (Promega).
Cloning and Sequencing of Recovered DNA
Ligation and transformation were performed following Stratagene's PCR-Script Amp cloning kit protocol (Stratagene, La Jolla, CA, USA), using the post-hybridization PCR product. A colony touch protocol was used to isolate the plasmid DNA (5). Using a sterile pipet tip, the colony was transferred to a tube containing 100 μL T.E (10 mM Tris, 0.1 mM EDTA, pH 8.0) and heated to 100°C for 10 min. A 1 μl aliquot was used as the template in a 25 μl PCR (8) . Each PCR had 30 amplification cycles and concluded with a 10 min 72°C extension. PCR products were prepared for sequencing by adding 5 U exonuclease I (10 U/μl, USB, Cleveland, OH, USA) and 0.5 U shrimp alkaline phosphatase (1 U/μl, USB) and incubating at 37°C for 30-45 min. The enzymes were denatured by a 15 min 80°C incubation. Sequencing was performed using 4 μl prepared template and a Quick start kit (Beckman Coulter, Fullerton, CA, USA) following manufacturer's protocol except using half reaction volumes (10 μl). Sequencing reactions were run on the CEQ8000 XL DNA Analysis System (Beckman Coulter).
RESULTS
This rapid capture method has successfully been used to isolate DNA fragments containing the transposable elements CR1 from waterfowl and microsatellites from invertebrates and vertebrates (Table 1 ). The efficiency of the rapid capture is exemplified by the success rate of microsatellite recovery in avian species (Table 1) . Traditional microsatellite isolation techniques yield less than 2% microsatellite positive clones from birds (1), whereas the rapid capture technique yields 30%-75% microsatellite positive clones from birds ( Table 1) . The ability to recover numerous CR1 elements further demonstrates the power of this technique ( Table 1 ). The recovery of CR1 requires that complex probes be used, unlike those used for microsatellite isolations. Two separate CR1 probes targeting different parts of the element were used, each with high success rates (55% and 68%; Tables 1  and 2 ).
Blocking Nonspecific Binding of Streptavidin Magnetic Beads
Streptavidin-coated magnetic beads are useful in many applications that contain the vitamin biotin, using the strong bond that occurs between streptavidin and biotin. However, simultaneous nonspecific binding of DNA fragments that are not associated with biotin compromises their specificity. Figure 2A demonstrates the amount of nonspecific binding detected between DNA and streptavidin-coated magnetic beads [Streptavidin MagnaSphereParamagneticParticles (Promega)]. The treatment of the beads with bead block buffer prior to the DNA recovery step dramatically decreased nonspecific binding of the beads to nucleic acid ( Figure 2B ). This step is a huge improvement since nonspecific binding increases the background of the assay by diluting out the target fragments (Table 3) .
DNA Digestion
Use of restriction enzymes to produce the desired fragment sizes (300-1500 bp) eliminated the need for size selection through gel electrophoresis. The majority of genomic fragments generated by using Csp6I (4 bp cutter) and XmaI (6 bp cutter) together consistently resulted in a 300-1500 bp range in the variety of species used with this technique. As a result, the recovery of desired length fragments from agarose gels becomes unnecessary and loss of product through gel recovery is not a concern. When single digests using either Csp6I or XmaI were performed, larger fragments were recovered. These enzymes could be replaced with others having different recognition sequences if further modification were required for a specific application.
Linker Ligation
PCR was used to confirm ligation of the linkers to the fragmented DNA. Elimination of the ScaI in a linker ligation reaction resulted in ample ligation of the Sca linkers (data not shown). This has important ramifications when replacing Csp6I in the genomic digest since genomes digested without Csp6I may contain ScaI sites. Additionally, other linker/ adapter ligation methods exist but 
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were not specifically explored for this technique.
Hybridization
This technique isolates specific DNA using probes homologous to that target. Melting temperature of all probes should be below 70°C to maintain the integrity of the components in this process. The use of different probes requires changing the hybridization temperature due to the differences in the melting temperatures between probes (Table 2) . Typically, a hybridization temperature 5°-10°C below the melting temperature of the probe was ideal.
The hybridization reaction occurs between the biotin-labeled probe and the linker-ligated fragments. In some cases, using the product of the postlinker ligation PCR in the hybridization reaction increased the yield of clones containing target sequences. This was especially useful when working with low copy number targets or a low DNA concentration (Table 1) . It was also helpful to rehybridize the post hybridization PCR product when isolating microsatellites from species known to contain low numbers of microsatellites such as avian species (4; Table 2 ).
In recovering target DNA fragments using pretreated streptavidin-coated magnetic beads, the final wash temperature should be 4°-7°C below the hybridization temperature (Table  2) . Changing the wash temperatures adjusts the stringency of this method. Elution of DNA fragments from the probe is also dependent on its melting temperature. Since elution occurs in H 2 O, the temperature of the elution can be at or just below the melting temperature. Increasing the elution temperature above 70°C may degrade the magnetic beads and interfere with subsequent steps. Additionally, the success rate was not affected by increasing the temperature in the bead addition step from room temperature to hybridization temperature (Table 3) . Using the hybridization temperature, however, is recommended to avoid any possible nonspecific binding of the probe to DNA during a temperature decrease. It was also noted that running more than 30 cycles of PCR prior to cloning increased the background and the isolation of clones containing siblings (duplicate targets).
Cloning
The predigested vector provided with Stratagene's PCR-Script Amp cloning kit contains blunt ends that, when self-ligated, produce the recognition site for the restriction endonuclease SrfI (GCCCGGGC). The use of XmaI in the genomic DNA digest step prevented additional cleavage by SrfI during cloning since XmaI cleaves a sequence internal to the SrfI site (CCCGGG).
DISCUSSION
Several key innovations make this isolation protocol time efficient and technically easier than traditional methods: (i) Extensive testing of various parameters throughout the enrichment protocol has led to significant improvements. For example, streptavidin magnetic beads from Dynal (Invitrogen, Carlsbad, CA, USA) and
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Promega were tested, and both bound DNA directly (nonspecific binding). Promega beads tolerated a wider range of salt conditions, making them more flexible for this protocol. Neither set of beads tolerated high temperatures (over 70°C), which requires probes to have melting temperatures below 70°C to reduce the possibility that bead degradation will interfere with the elution of the hybridized fragments; (ii) proteinbased blocking material effectively blocked nonspecific binding of DNA to the streptavidin magnetic beads. This drastically reduced the background and, therefore, increased the success of the method; and (iii) the specifically designed Sca linkers aid in the recovery of the relevant enriched DNA fragments and work in concert with the restriction enzymes. The Sca linkers also allow some flexibility with the type of cloning system to be used by containing the recognition site for the enzyme XbaI. The Csp6I, XmaI, and the mung bean nuclease are active in the same buffer, NEB buffer 2. Additionally, the two enzymes employed in the ligation reaction are active in the same buffer conditions (NEB buffer 2), making these steps concise and easy to follow.
Rapid capture of specific DNA targets (6) allows for the isolation of simple sequences such as microsatellites as well as complex targets. This technique eliminates many tedious, expensive, and time-consuming steps that have typically been required using more conventional approaches.
